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A METHOD FOR DETERMINATTION OF AROMATICS IN
150° TO 300° C FRACTIONS OF CRUDE PETROLEUM
BY MEASUREMENT OF ANILINE-POINT RISE

By Arthur M. Busch, Alden P, Cleaves
and Robert R. Hibbard

SUMMARY

A method fTor determining arcmatics in 150° to 300° C fractions
of crude petroleum is described. Rise in aniline point resulting
from the removal of aromatics from synthetic mixtures by percolation
through & particular columm of silica gel was found to be an almost
linear function of the known aromatic content. A general curve for
anslysis of cuts of crude petroleum having molal aversge boiling
points near 218° C is presented. Modified cuxrves for more accurate
analysis of cuts having average boiling points between 150° and
2900 C are also included. Results on nine reblends of aromatics
extracted from two cuts of different crude petroleums indicated
that arometics having molal average bolling points near 218° C
could be determined with an average error of 0.84 percent by volume
based on total sample. Analyses of five cuts of four crude petro-~
leums agreed to within an average of 2 percent with analyses of the
same samples by a dlfferent method at another laboratory.

INTRODUCTION

Some knowledge of the composition of high-boiling (150° to
300° C) petroleum fractions used in fuels for Diesel and turbojet
aircraft engines is essential to the sgclentific attainment of
optimum fuel performance. Aromatics in particular have physical
and chemical characteristics that have led to the specification of
the maximum arcmatic content of. fuels for Jet-propelled aircraft.
Rapid relisble methods for the determination of arcmatics in petro-
leum cuts that boll sbove the gasoline range are consequently
necessary.
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Methods sultable for the gasoline boiling range, such as the
AS.T.M. D 875-46 T sulfonation method (reference 1), the pioric-
acld-solubility method (reference 2), the method based on change in
index of refraction (reference 3), and & method based on specific
dispersion and bromine number (references 4 and 5) have elther not
been tested throughout the boiling range considered herein or have
been found to be unsuitable. The sillca-gel separation methods of
references 6 and 7 have been applied sucocessfully in the kerosens
and gas-oil bolling range but they are camplicated and time con-
suning., Raman and infrared analyses for individual arcmatic com-
ponents of narrow cuts boiling in the range from 150° to 180° C are
reported in references 8 and 9, respectively. Tedlous analytical
distlllations and pure hydrocarhon standards are required by these
spectrophotometric methods.

The method of analysis described herein depends on the rlse
in anlline point that occurs when the aromatic hydrocarbons are
removed from & petroleum fraction. This change of aniline point
is herein called anilline-point rise. The amount of this anliline-
point rise depends on the original aromatic content of the cut and
to a much smaller extent on the nature of the arcmatics present.
The interfering effect of naphthenes 1n lowering aniline point 1s
evaluated., In reference 10, Carpenter used an aniline-point-rise
method in which the aromatic portions of cute in the 125° to
270° C boiling range were removed by sulfonation. A similar method
was used in an investigation of the composition of Russian and
American crudea reported in reference ll. Simplicity and speed
wore desiral.le characteristics of these aniline-point-rise methods,
The unsatisfactory results obtained when the A.S.T.M. D 875-46 T
sulfonation method is applied to the higher boliling fractioms,
however, suggest that sulfonatlon 1s not specific for aromatics
alone in this range and that possibly some naphthenes and isopar-
affins are partly reacted under the conditions used in refer-
ences 10 and 1ll. Modification of the aniline-point method by sub-
stltuting the selective, nonhazardous, convenient, physical process
of silica-gel adsorption therefore seemed desirable,

An investligation of an anliline-polnt-rise method using silica
gel as a selective adsorbent for aromatics in cuts of petroleum
crudes boiling fram 150° to 300° C is described herein. The
method was developed from results of investigations conducted at
the NACA Cleveland laboratory during the early part of 1947 on
16 synthetic mixtures of various aramatic and naphthene content.
Analyses of five cuts from four crudes by this aniline-point-rise
method were compared with results on the same samples obtained at

another laboratory by a silica-gel adsorption method.
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APPARATTUS

A conventional aniline-point apparatus and a procedure desig-
nated as A.S.T.M. D 611-46 T in reference 12 was used during most
of this Investigation. As the work proceeded, & photoelectric
aniline-point apparatus simlilar to that desoribed in reference 13
was constructed for use with a amaller quantity, namely 10 millie
liters, of aniline-petroleum mixture., The smaller sample contalner
was so insulated that aniline points were within 0.1° C of the
values determined by the conventional method. TUse of the time-
saving, automatic photoelectric apparatus 1s recommended.,

The analytical silica-gel column adopted as standard for this
work conslsted of a 50-centimeter layer of 20 to 65 mesh slillica
gel tightly packed above a 1l0-centimeter layer of 28 to 200 mesh
gel. These layers weighed approximately 150 and 40 grams, respec-
tively. A 2.6~centimeter pyrex tube, 100 centimeters long, con-
stricted to an inglde diameter of 6 millimeters at the lower end
held the gel.

MATERTATS

The silica-gel adsorbent used was suppllied by the Davison
Chemlcal Corporation. It was deslgnated as 11-08-05-215 and
14-08-05-215, and was characterized by particle size as 28 to 200
and 20 to 65 mesh, respectively. The gel should be adequately
activated when used. Adequate activation may be tested as sug-
gested in reference 6 (p. 159).

Aniline (c.p. grade), dried and freshly distilled as described
in reference 12, was used within 1 day of distillation for the
anlline-point determinations.

Aromatic hydrocarbons 1 to 13 (table I) were prepared and
purified to above 98 percent purity by the Fuel Synthesis Section
at the Cleveland laboratory. The other aroamatics listed in table I
were of technlcel grade and probably contelned only aromatic impu=-
rities to the extent of less than S5 percent. These aromatic hydro-
carbons were used to prepare the sromatic mixture blended as
gpecified in table I. This mixture parallels the composition of
the aromatlc fraction of a kerosene as reported In reference 10.
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PROCEDURE AND RESULTS

An aromatic-free raffinate was separated from a kerosene by
using sllica gel, and its aniline point was determined for reference,
The arcmatic mixture specified in teble I was blended with the
raffinate at a concentration of about 20 percemnt. The raffinate
and this blend were each percolated through a standard silica-gel
colum &already described in APPARATUS. The aniline points of the
firat 5 milliliters of the percolates were found to be about 3°© C
higher then the aniline point of the original raffinste. This dif-
ference wes seen to’'affect directly the aniline-point-rise charac-
teristic of the percentage of aromatlce removed by the standard
column.

Because of this difference,the effect of the silica gel on
the raffinate was further investlgated at various arcmatic concen-
trations using four raffinates that varied in naphthene content,
These raffinates included the aromatic-free portion of a 175¢ to
3150 ¢ cut of Bradford crude of low naphthene content and the
arcmatic-free maphthene-enriched raffinate from a 130° to 365° C
cut of Hastings crude secured by sillca~gel separation,

The naphthene contents of these two raffinates and of two
blends from them are characterized in the following table:

Nominal Nephthene Raphthenes
naphthene Component raffinates rings (per- (approximate
content cent by wt.) | percent by
(a{ volume)
Low BradfordP 21 40
Medivm Bradford and Hastings 36 70
High Bradford and Hastings 43 85
Nearly 100 | HastingsP 51 100
percent

8Determined by the method of reference 14,

bpata specifying the properties and compositions of these cuts of
crude petroleum obtained from the Bureau of Mines, Bartlesville,
Oklahome are glven in appendix A,

The percentages by volume of naphthenes were estimated on the basils
of molecular weights of 184 and 171 for the Bradford and Hastlings
raffinstes, respectively, assuming single-ring cyolohexanes to be
predominant. Molecular weights were coryoscoplcally determined in
benzene.

949
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A 150-milliliter sample of a 20-percent blend of the aromatic
mixture with the raffinate of medium naphthene content was perco-
lated through the standard sillca-gel columm. Aniline points,
molecular weighta, and percent by weight of naphthene rings in the
first seven successive 10-miliiiiter fractions of the percolate were
determined. The results of these measurements, plotted in figure 1
as functlons of volume percolated, show, in general, a decrease of
anlline point a.ccompe.nied. by an esrly decrease in the molecular

o-.-ln'ln-l- mend ann - S dlia smasmlcdliaca macedeasde Lon moemmo ool e

WOLUIV i\l Sl .LuUJ.UGBO U.l. VD LIS PO ULCLUT VUlLvelly i3l SUCCo8B.LVe
fractions. Evldemntly, the raffinate was so fractionated that the
naphthene content of the early fractions was below the average for
the raffinate,

A series of blends of the aromatic mixture at various concen=-
trations from O to 40 percent In the four raffinates was percolated
through standard columms of slilica gel. The aniline points of the
O-to=-5-milliliter, the 20-to-25-milliliter, the 30-to-40-milliliter,
and subsequent fractions were measured and are plotted as funotions
of volume percolated in figure 2., The respective concentrations of
the arometic mixture are indicated by the numbers adjacent to the
several curves that resulted. The anlline polnits of successive
small percolate fractions decreased sharply for the first 30 milli-
liters, partly leveled off and then decreased again at & volume
that varied with the aromatic content of the samples:. The decrease
in aniline points was not attributed to aromatics leaking through
to the raffinate because ultraviolet spectrophotometric measure-
ments, which were based on the method of reference 15, of the
70=t0-90-milliliter percolate fraction fram a blend containing
20-percent arcmatics showed less than 0.05-percent aromatics. This
decrease in aniline polnt as the percolation progressed was due to
partlal fractionation of the percolate. Evidence presented in
FTigure 1 indlicates that distrlibution of molecular weight classes
and paraffin-naphthene distribution were affected by this
fractlonation,

The rige in aniline polnt of the percolated fractlons over
that of the unpercolated sample for all cases in figure 2 was
plotted (but not shown in this report) as functions of percentages
of aromatics for the following percolate fractiona: O=to-5 milli-
liters, 20-t0-25 milliliters, 30-to-40 milliliters, and 40-to-

50 milliliters. Scatter of date points with varlation of naphthens
content was least for the 30-to-40-milliliter percolate fractlon;
consequently, the plot of the aniline-point rise of the 30-to-40-
milliliter percolate frection was considered most sulteble for
enalytical purposes.
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The aniline-point rise of the 30-to-40-milliliter percolate
fraction was plotted as a function of aromatlc content for
16 aromatic-raffinate mixtures, nemely, seven concentrations of the
aromatic mixture in the raffinate of low naphthene content, four
concentrations of the same aromatics in each of two raffinates of
medium and high naphthene content, and one arcmatic concentration
in the nearly l00O-percemnt-naphthene raffinate. These data were
avereged at each arcmatic concentration and the 218° C curve of
figure 3, which was falred through the average values, was adopted
as the most sultable for analysls. This curve is hereinafter
called the general curve for analysis. The small deviatlons from
this curve shown in figure 3 and table II indicate the effectiveness
of the cholce of the 30-t0-40-milliliter percolate fraction in
reducing interference by naphthenes. These deviations of aniline=-
point rise are equivalent to an average of 0.2 percent and a maxi-
mm of 0.5 percent by volume of aromatics. Between the concentra-
tions of 5 and 30 percent by volume of aromatic mixture, the
variation of the anliline-point »ise with arcmatic content on the
218° C curve is almost linear, a rise of 1° C representing 1.23 per-
cent of aromatic mixture.

In order to determine the effects of some dlfferent composi-
tions of the arcmatic portion on the reliability of the method,
the aromatics from high-~boiling cuts of two crudes were separated
with silica gel as described in reference 6, and reblended in the
low-naphthene raffinate. Devliations of data for these reblends
from the general curve for analysis are presented in table III and
represent an average of 0.84 percent by volume of aromatics based
on total sample. The maximum deviation 1s 1.6 percent. The values
of aniline-point rise for these mixtures plotted against percentage
of aromaticse by volume are shown with the general curve for analysls
in figure 4.

Results of the application of this aniline-point-rise method
and the gemeral curve for analysis (218° C) to five high-boiling
cuts from four crude petroleums are presented in table IV. Analyses
of the same samples by a sillca-gel adsorption method are quoted
for comparison from data provided by the Bureau of Mines Petroleum
Experiment Station and listed in appendix A, The large deviations
between the analyses of appendix A and these analyses occur for the
cages of cuts that have molal average boiling points considerably
above 218° C, for which the present method was established. A
famlly of curves for extending the scope of the method to lnclude
cuts having other average bolling points in addition to the curve
for 218° C is given in figure 3. The method used to obtain this

6%6
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family of curves 1s described in appendix B. Results of the eapplica-
tlon of these modifled curves to the five high-bollling cuts are also
given in table IV, which shows an average deviation of 1.968 percent.

DISCUSSION CF RESULTS

If there were no hydrocarbon fractionation in the aromatic-free
portion of the silica-gel percolate, thls raffinate would have &
constant aniline point throughout and any portlion that daid not con-
taln aromatics could be used for the determination of aniline-point
rise. Removal of arcmatics blended In crude-petroleum raffinates by
fractionation in & silica-gel column, howsver, produces an initial
percolate having an aniline point higher than that of the original
raffinste,

Within a given class of hydrocarbons the aniline point increases
wlth Increase in molecular welght and, at constant molecular welght,
peraffins have higher aniline points than naphthenes according to
date in reference 16. The gsneral shape of the curves in figure 2
can be explained in all cases on the basls of preferential adsorp-
tion of lower-aniline-point compounds, partlcularly naphthenes, by
the gel. If this 1s the case, the fact that anliline points of the
30-to~40-milliliter percolate fractions average sabout 1°© C higher
than those of corresponding whole raffinates taken prior to blending
(see values listed in fig. 2) indicates that lower-aniline-point
compounds are slightly deficlent even in the 30-t0-40-milliliter
percolate fractioms. Similerly, the rapld decrease of aniline point
at about 90 milliliters of percolate for the 20-percent aromatlc
blends and at about 60 milliliters of percolate for the 30-percent
aromatic blends can be attributed to the efflux of the excess of
hydrocarbons having low anliline points that have been temporarily
withheld from the earliexr percolate by the gel. The greatest
decrease in anlline polnt for the first 30 millilliters of percolate
is found for samples with the hlighest naphthene content.

The extent to which the effect of varying naphthene content
has been reduced by choosing the 30~to-40-milliliter percolate
fraction ig indicated in figure 3 and table II. The three raf-
Tinstes used include the approximate extremes and a medium value of
naphthens content found in crude petroleums. A single cuxrve
(2180 G) adequately representa the data. The deviations from the
curve average only 0.15° C. The intercept of the general curve
for analysis at O=-percent arocmatics represents the limit of an
effect of silica-gel adsorption on aniline-point rise as aromatic
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content approaches O, The finilte positive value of this intercept
(aniline-point rise at O-percent aromatics) probably results from
the extractlion of some naphthenes as the aromatic content becames
small, This intercept is satlsfactorily constant for raffinates
containing high, medium, and low concentrations of naphthenes.

In the Iinvestigation of the concentrations of individual aro-
matics and other hydrocarbons for the 102° to 1809 C boiling range
in seven representative American crude petroleums (reference 17),
uniformlity rather than diveraity of composition of the aromatic
portion of different crude petroleums was found. The statement 1is
also made (p. 143) that, ". . . the alkylbenzemes in the Cg fraction
of petroleun are present in relative amounts which are of the same
magnitude for different crude petrolewms. . . . Thls follows similar
relations previously reported for the lower alkylbenzenes and for
certaln other groups of hydrocarbons in different crudes." These
findings suggest that variations in the relative amounts of indi-
vidual aromatics in the 150° to 300° C bolling range are also
limited. Hence, anomalous effects on aniline-polnt rise due to
abnormal relative concentratlons of some polyalkylbenzenes that
have high aniline polnts are probably definltely limited.

The extent to which the different compositions of the arcmatlc
portliona of two cuts of crude petroleum, Bradford from Pennsylvanla
ani Hastings from Texas, influence analytical results 1s shown in
figure 4 and table III. A maximum deviation of 1.6 percent by
volume and an average deviation of 0.84 percent by volume from the
Imown aromatic contents were found in the case of these nine
reblends of crude-petroleun aromatics in & low-naphthene raffinate,

The improvement in accurecy obtalnmable by the use of the
modified general curves for analysis, which are showa in figure 3,
for cuts having average boiling points different from 218° C is
shown in table IV. These differences may lnclude errors of the
glllca-gel adsorption method. The sample of Midway 3B crude petro=
leum used in this investigation ylelded nonuniform results when
geverel methods were applled ln two leborastories and may not be the
unedulterated ocut that the bolling range indicates.

ANALYTICAL METHOD

The following method was used for the determination of the
totel aromatic content of cuts of crudes that distill in the
boiling range from 150° to 300° C and have averege boiling points
near 218° C:
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The anlline point of the dry sample 1s determined. A 150-
milliliter sample is poured into the standard silica-gel column and
allowed to enter the gel completely; 150 milliliters of lsopropyl
alcohol is then added at the top of the column. The aniline point
of the 30-t0=40-milliliter fraction of the percolate is determined.
Subtraction of the aniline point of the original sample from that
of the 30-to-40-milliliter frectlon gives the anlline-point rise.
The percent by volume of aromatics corresponding to this rise can
be obtalned directly from the gemeral curve for analysis (218° C)
of figure 3 for the cuts of crudes specifled. For cuts having
other molal average bolling points, use of the other curves of
figure 3 gives more accurate resulis.

SUMMARY OF RESULTS

A method for determining the percentage arcmatios in 150° to
3000 C fractions of crude petroleum has heen developed and
evaluated.

1. Rise in aniline point resulting from the removal of aro-
matics by percolation through a particular column of silica gel
was found to be an almost linear function of aromatlic content of
the sample.

2. Nine reblends of aromatics from two crude petroleums having
molal average boiling points near 218° C were analyzed for aromatics
+o within 0.84 percent by volume based on total semple.

3. Modified curves for analysis of cuts having molal average
boiling points between 150° and 290° C are presented and on the
basis of these curves analyses of five cuts of four crude petro-
leums agreed to within an average of 2 percent with analyses of
the same samples by a dlifferent method at another laboratory.

Flight Propulsion Research Laboratory,
National Advisory Committee for Aeronautics,
Cleveland, Ohio, March 24, 1948,
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PHYSICAL AND CHEMICAL FROFERTIES OF CRUDE-FETROLEUM CUTS

le4l

The following date speclfying the properties and composlitions of five
cuts from four crude petroleums were furnished by the Petrolesum Experiment

Station, Bureau of Mines, Bartlesville, Oklahoma.

NACA fuel nwmber 45-659 | 45-626 | 45-623 | 45-~669 | 45-670
Bureau of Mines designation Tomball [Bradford| Midway |Hastings |Hastings
1B 2B 3B 5B 5C
Distillation temperature, OF
A.8.T.M, method D 86-40
Initial toiling point 357 324 287 278 374
Percentage evaporated
5 420 353 425 301 433
10 432 366 445 308 451
30 464 410 475 327 483
50 486 441 506 343 511
70 507 470 543 361 546
90 540 506 594 388 6824
95 568 524 621 402 682
End point 584 540 625 420 690
Specific gravity, 60/60° F 0.8513| 0.7983} 0.8794| 0.8101{ 0.8606
Gravity, ©A.P.I.2 34.7 45.7 29.4 43.2 32.9
Denslty at 200 ¢ 0.8468| 0.7945F 0.8746f 0.8060| 0.8580
Refractive index at 200 C
nDb 1.47559 1.44387| 1.48375] 1.44685| 1.47525
I'BO 1.49038| 1.45477| 1.49785| 1.45830] 1.48844
ned 1.47837 | 1.44599( 1.48645| 1.44904] 1.47782
Viscosity, centistokes
1000 ¥ 257.80 c) 2.313 1.701 3.218 1.051 3.408
=400 F (-40° ¢C) Frozen| Frozen| 114.81 5.098| 125.15
Aniline point, A.S.T.M. D611-41T
op 138.0 160.0 124.4 117.0 146.8
o¢ 59,0 71.0 5l.2 47.0 63.9
Freezing point, OF -17 -29|Below-76 |Below=-76 =83
Sulfur, percent by weight 0.08 0.14 0.45 0.03 0.13
Bromine number, A.S.T.M. ES-45a 3.38 6.63 6.65| Negative 2.62
Flash polnt, ©F 180 137 149 89 184
Molecular weight 192 183 197 138 204
Molecular volume 227 230 225 171 238
Aniline functlon 122 126 119 99 128
Specific dispersion 174.7 137.0 161.2 142.1 153.7
Refractivity lntercept 1.0522( 1.0466] 1.0465] 1.0439| 1.0463
2o - 141.5 )
AP.I. 202 where G 1is specific gravity at 60/60° F.

b

np = refractive index for the sodlum D 1line.

cn8 = refractive index for the mercury g line.
dne = refractive index for the mercury e line.
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NACA fuel number 45-859 | 45-626 | 45-623| 45-669 | 45-670
Bureau of Minss designation Tomball|Bradford| Midway |Hastlngs |Hastings

1B 2B 3B SB 5C
A.S.T.M. ES-45e hyirocarbon analysis
Extract (aromatic), percent by
volume 29.9 17.1 29.4 18.5 20.2
Density at 20° C 0.9428| 0.8532| 0.9422| 0.8692| 0.9257
oy 1.54585] 1.48906(1.53742| 1.49530} 1.53836
1.57197| 1.50573}1.55993| 1.51459{ 1.58198
Monocyclic aromatics, percent
by volume 100 100 |memmen- 100 60
Dicyclic aromatics, percent by
volume 0 O|=emen=- - 0 40
Raffinate, percent by volume 70,1 82.9 70.6 81.5 79.8
Density at 20° ¢ 0.8058f 0.7824( 0.846 0.7918| 0.8408
Iy 1.44562| 1.43455(|1.46140( 1.43585| 1.45928
Ig 1.45558| 1.4442611.47200| 1.44552) 1.46477
Naphthene rings, percent by
wolght 29.8 18.2 59.4 47.8 53.5
Paraffin and paraffin side
chains, percent by weight 70.2 81.8 40.6 52.2 46.5
Silica-gel hydrocarbon analysis
Extract (aromatic), percent by
volume 32.25 12.45F 33,23 i16.82 25.17
Density at 20° C L Ul E RS 0.9431| 0.8799| 0.9363
npy e 1.51573}1.53277| 1.50524{ 1.53353
ng  fmeeeee- 1.53639|1.55408 | 1.50904 1.55619
ng cm—e——— 1.51950|{1.53647| 1.52551| 1.53771
Monocyclic aramatlics, percent
by volume . 64,3 ~c~ecma- 99.4 88.7 90.9
Dicyclic arcmatics, percent
by volume 35,7 |===——==- 0.6 11.3 9.1
Raffinate, percent by volume 67.75 87.55 66,77 83.18 74,83

Density at 20° C 0.7930( 0,7788| 0.8405( 0.,7915( 0.8311

op 1.44119| 1.43408}1.45964 | 1.43577| 1.45639

ng 1.45091| 1.4435911.46980| 1.44546| 1.46654

ng 1.44305( 1.43586|1.46146| 1.43761}{ 1.45832

Naphthene rings, percent by

weoight 19.7 15.3 54.9 47.7 45.1

Paraffin and paraffin side

chains, percent by weight 80.3 84.7 45.1 52.3 54.9
Estimated best analysis of total
sample
Paraffin, percent by volume 31.85 54.25 0 4,98 0
Naphthenes, percent by volume 35,90 33.30 66.77 78.20 74.83
Monocyclic aramatics, percent
by volume 20.75 12.45f 33.03 14,92 22,87
Dicyclic aromatics, percent by
volume 11.50 0 0.20 1.90 2.30
Naephthene rings, percent by
welight 12.5 13.1 35.2 39.0 32.7
Paraffin and paraffin side chains,
percent by weight 51.0 72.7 28,9 42.7 39.8
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APPENDIX B

MODIFICATION OF THE GENERAL CURVE FOR ANALYSIS FOR
CUTS HAVING OTHER AVERAGE BOILING POINTS
The progresslve decrease of the difference between critical
solutlion temperatures of saturates and aromatics, evident in fig-
ure 1l of reference 17, Indicates that analyses of cuts having
average bolling points other than 218° C would be more accurate if
sultable modified general curves for analysis were used. These
curves are developed herein from functions reported in refer-
ences 15 and 18.
Symbols
A molal average boiling point, °K
Ay molsl average boiling point of sample x, °K
Ay molal average bolling point of sample y, °K
bg aniline-function intercept constant for arometlc hydrocarbons
bg aniline-function intercept constant for saturated hydrocarbons
M moleculayr weight
My molecular welght of sample x
My molecular weight of sample y
m aniline-function slope constant
Ty aniline point of arcmatic hydrocarbons, °K
T, critical solution temperature, °K
aniline point of saturated hydrocarbons, °K
AT aniline-point rise, °C
AT, aniline-point rise of sample x, °C

ATy eaniline-polnt rise of sample y, °c

949
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When aniline function, which is the product of the molecular
welght and the ratio of the absolute critical solutlon temperature
to the absolute bolling point, is plotted against the molecular
weight (reference 15, fig. 2), lines of nearly equal and constant
slope and of different lntercept for each hydrocarbon class result.
These lines may be characterized mathematically as follows:

207w m 4+ b (1)
A
end
M
i a

If 1t is agsumed that these expressions are valld and that, iIn
the bolling range considered,

(a) the critical solution temperature equals the aniline point

(b) the molal average boiling point is the same for each hydro-
carbon class In a given sample

(c) the molecular weight is the same for each hydrocarbon
class in any glven sample

(4) the aniline point is an additive function
the following derivation is possible.

If anlline point 1s substituted for critical solution temper-
ature and equations (1) and (2) are multiplied by boiling point,
versions of the these equations may be written to characterize
saturates or arcmatios:

TgM = AmM + Abg (3)

ToM = AmM + Abg (¢)

The maximum aniline-point rise possible for the theoretical limiting
cage of 100-percent aromatics is Tg - Tg. Subtraction of equa-
tion (4) from equation (3) and factoring gives the following
equation:
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ATm.TB-Ta,ﬂ‘ls_;_a_) (5)

949

The ratlio of the maximum anlline-point rise of sample x to thet for
gample y 1s found to be a function of only the molecular welghts
end the boiling points of the two samples. Diviasion of equation (5)
by a similar equation representing a cut having a different average
bolling point and then factoring glves:

AT

Knowledge of the functional relation between the bolling point
and the molecular welght, and use of equation (6) would allow cal-
culation of ratios for modifying the general curve for analysis
established for one average boiling point (such as fig. 3 at 218° C)
to secure other such curves suitable for cuts having other average
boiling points., This relatlon is avallable in figure 2 of refer-
ence 18 where molscular welght is plotted as a function of bolling .
point averaged on the basis of moles distilled (molal average boil-
ing point) at various values of the parameter characterization
factor (the cube root of the molal average boiling point in ©R .
divided by the specific gravity, 60°/60° F). The characterization
factor is a measure of the paraffin content of the crude and was
found to average 1ll.5 for the five cute analyzed at the NACA
Cleveland laboratory. Anlline-point-rise ratios were calculated
uging this value as typlcal according to equation (6) to yleld the
desired modification ratios. Choice of characterization factor
has only an insignificant effect on analytical results. Resulting
modifled curves for a range of molal average boiling points are
glven in figure 3.
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TABLE I - COMPOSITION OF AROMATIC MIXTURE USED

FOR PREPARATION OF AROMATIC RAFFINATE ELENDS

Approximate Percent Approximate
Hydrocarbon bolling point | by weight |percent
(ec) by volume

1l | Ethylbenzene 135 0.957 1.0
2 | Cumense 153 5.993 6.0
3 |1,3,5-Trimethylbenzene 164 4.303 4.5
4 | tert-Butylbenzene 167 «955 1.0
5 |1,2,4-Trimethylbenzene 169.5 4,138 4,5
6 | 1,2,3=-Trimethylbenzene 175 2.464 2.5
7 | p-Cymene 175 3.790 4.0
8 | Isobutylbenzene 180 .941 1.0
9 | Diethylbenzene 182 3.850 4,0
10 | n-Butylbenzene 183 .940 1.0
11 | Priethylbenzene 217 3.828 4.0
12 | Triisopropylbenzene 237 11.351 12.0
13 | o~Isopropylnaphthalene 270 13,752 12.5
14 | Xylenes 140 3.810 4.0
15 | Monoamylbenzene 193 1.901 2.0
16 | Dilsopropylbenzene 203. 3.878 4,0
17 | Naphthalene 218 1.712 1.5
18 | Methylnaphthalenes 241 6.187 5.5
19 | Dlamylbenzene 265 7.551 8.0
20 | Hexaethylbenzene 298 7.584 7.5
21 | Monoamylnaphthalene 305 10.117 9.5

|
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mn-mmmmummm‘mmvmmmm

(percent

Naphthene content in raffinate

Low Modim High
by Deviation |Deviation from|Deviation |Devlation from[Deviation |Deviation from
volume) {of anlline- |known aromatic |of aniline- [known aromatic|of aniline- [inown arcmetic
point rige |content (per- [point rise [contemt (per- |point rise |content (per-
(°c) cent by volume) (°c) |cent by volume) (°c) |[cemt byvolume)
0 0.1 0012 0-3 0;4 -0.5 _0|4
5 0 0 .4 ns "-1 -012
]-0 0 O - -y
15 1 12 —-- -
20 0 0 -.1 "'012 --l -012
50 0 0 --3 -'36 "15 --56
Average deviation of aniline-point rise, 0.15° C. W

Average devistion of determined aromatic content from the known aramatlc content,
0-19 mto
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TABLE III - DEVIATIONS FROM GENERAL CURVE FOR ANALYSIS

OF AROMATIC FRACTIONS OF CRUDE FETROLEUM

REBLENLED IN BRATIFORD RAFFINATE

Reblended Source and bolling e of aramatioc fraction
arcmatic Bradford, 175-315° C Hastings, 130-365° C
fraction hoiation | Deviation from | Deviation | Deviation from
gf"“"““ of aniline- | known aromatic | of aniline- | known aromatic
vgl vme ) point rise | content (per- | point rise | content (per-
(°c) cent by volume) (°c) cent by volume)
S 0.3 0.4 0.7 0.9
10 0 0 .6 o7
20 -1.4 -106 06 07
30 -1.1 -1.4 4 1.8
40 .2 -.25 T
“!ﬂiﬁ!”
Average deviation of aniline point, 0.60° C.
Average deviation of determined aromatic content from the known

exromatic content, 0.84 percent.
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TABIE IV - DIFFERENCES HETWEEN ANALYSES OF FIVE CUTS OF CEUNE PETROLEUM

BY SILICA-GEL ANSORPITON METHOD AND BY ANILINE-POINT-RISE METHOD

Aromtice
Crude NACA |Boiling [Molel (percent by volume) Differences
petroleum | fuel r‘i{’.g‘; a70re6° laniline-polnt rise [Silica-gel [Using [Using
pm- OLIn8 eing |Using  |Rdsorption® (2189 C|modified
Plogy | 2180 ¢ [modified CUITS |curyes
curve |cumrves (4-6) | (5-6)
1 2 3 4 5 8 7 8
ball 1B |45-859|185-295[ 248 28.6 30.7 32.25 =-3.65 | -1,36
Bradford 2B|45-626|175-315] 220 12,2 12,0 12.45 =25 - .45
dway 3B |45-623|205-330| 260 26.3 28,7 33.23 -6.93 | -4.53
stings 5B|45-668|130Q-226| 170 17.6 15.5 16.82 .78 | =1.32
Average difference 3.24 1.96
=
>
N e 3
®Data furnished by the Petrolewm Experiment Station, Buresu of Mines, :
Bartlesville, Oklshoma. z
g
&
s
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